Introduction: Streamlined Liner of the Pharynx Airway (SLIPA) is a disposable supraglottic airway. There are two strategies to select the size of SLIPA: by height and width of thyroid cartilage. This study compared the utility of the two strategies in selecting the optimal size. Methods: One hundred forty-two patients were randomly divided into two groups with size selection by height (H) and the maximal width of the thyroid cartilage (T). The SLIPA size was selected by height in group H, and by the width of thyroid cartilage in group T. After inserting SLIPA, the investigator made note of the oropharyngeal leakage pressure (OLP) and the degree of insertion difficulty. We set the OLP as a primary outcome. In cases of an OLP <15 cmH 2 O, the investigator manipulated the apparatus to try to reposition it. If air still leaked, another attempt was made using a SLIPA one size larger until an OLP >15 cmH 2 O was achieved in up to three attempts. After insertion, the investigator measured the inspiratory and expiratory tidal volume. Postoperatively, the presence of blood or regurgitated fluid on the device was evaluated. Results: OLP for group T was higher than that of group H (p=0.009). The need for manipulation and the leak fraction was higher in group H than in group T (p=0.008 and 0.034, respectively). The degree of insertion difficulty, number of trials and incidence of blood and regurgitated fluid on the device were similar between the two groups. Conclusions: Both the width and height of thyroid cartilage can be used for selecting the optimal SLIPA size.
Introduction
Supraglottic airway devices (SADs) are used as the primary means of airway management under general anaesthesia. By September 2008, SADs were used in 56% of all United Kingdom (UK) anaesthetics. 1 Insertion in the supraglottic airway is relatively non-traumatic. Therefore, anaesthesiologists favour their use under elective anaesthesia. 2, 3 Insertion of SAD is easier to learn. It can also be used during difficult airway management. 4 Moreover, SAD can be used more successfully during cardiopulmonary resuscitation than facemask ventilation or tracheal intubation to inexperienced. 5 
SLIPA
™ (Streamlined Liner of the Pharynx Airway ™ ;
SLIPA Medical, UK) is a latex-free, non-inflatable bootshaped SAD and has been reported to be an efficient airway device. 6 Because its shape is similar to the peripharyngeal anatomy, SLIPA has a lower probability of air leakage than the Proseal ™ laryngeal mask airway (PLMA; Teleflex Medical, United States), even when a patient's head position is changed during surgery. 6 SLIPA incorporates a reservoir of volume which is designed to hold regurgitated materials coming from the digestive tract. The maximum 50 mL storage volume is larger than the mean volume of a fasting patient's stomach . Thus, it carries a lower risk of aspiration than the classic laryngeal airway mask theoretically. 7, 8 However, Abdellatif reported that the incidence of blood on the surface of the airway was higher with SLIPA than PLMA because of its rigidity. 9 A number of studies demonstrated that the size selection criteria of SLIPA provided by the manufacturer, which involve gender and height, are imprecise and the sizes overlap. 10 As the SLIPA is cuffless, it is more important to select the optimal size for this device than for other SADs, which can achieve an airway seal by cuff inflation. Repeated trials of SLIPA insertion can be traumatic to patients and prolong the induction of anaesthesia. Therefore, it is crucial to select an appropriately sized SLIPA that can minimise the number of attempts needed for successful inser tion. There are other known guidelines for SLIPA size selection. In a study by Miller 8, 11 and Woo, 6 the SLIPA size was chosen according to the maximal width across the thyroid cartilage. The authors measured the distance between the left and the right cornu of the thyroid cartilage by palpation and matched it at the level of the SLIPA bridge. No study has yet compared the two strategies for selecting SLIPA size. In addition, the oropharyngeal leakage pressure (OLP) values reported by previous studies was higher when thyroid cartilage was used for size selection compared to the manufacturer's selection guidelines. 6, 10 We hypothesised that thyroid cartilage width might be superior to the manufacturer's height guidelines in terms of OLP. The present study was undertaken to address this issue. We also evaluated the factors influencing selection of the optimal SLIPA size. 
Methods
This was a double-blind randomised clinical trial. This study recruited patients 20 to 65 years of age who were ASA class I-II with a body mass index (BMI) <30 kg . m -2 and scheduled to undergo general anaesthesia lasting more than two hours in the supine position. Exclusion criteria were patients with a history of diabetes mellitus, gastroesophageal reflux, hiatus hernia, and gastric ulcers, those with existing respiratory disease and patients at risk for pulmonary aspiration or who had not fasted sufficiently. 12 The study protocol was approved by the Institutional Review Board of Chung-Ang University School of Medicine. The study was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12612000253808). This study was carried out according to the principles of the Declaration of Helsinki, 2000, and written informed consent was obtained from all participants before inclusion in the trial.
The decision to enroll patients was made by an investigator who did not participate in the study. Patients were divided into two groups with size selection by height (group H) and the maximal width of the thyroid cartilage (group T). Random numbers generated by a statistician using Microsoft Excel software were sealed in envelopes and were not disclosed to the investigators or the patients. Before each patient entered the operating room, the envelope was opened by the investigator 1 (I1) and the group was revealed.
Thirty minutes before induction of anaesthesia, patients were given intramuscular injections of glycopyrrolate 0.2 mg. After entering the operating room, electrocardiogram, noninvasive arterial blood pressure and pulse oximetry monitoring was initiated. The Mallampati score, 13 dental status and movement of the neck (flexible or limited) were assessed. Measurements were made of the maximal inter-incisor distance, length of the mandible (from chin to mandible angle), thyromental distance (from the tip of the chin to the thyroid notch), sternomental distance and circumference of the neck (at the level of the thyroid cartilage and vertical to the axis of the cervical line). After pre-oxygenating the patient with 100% oxygen for five minutes, fentanyl 2 µg . kg -1 , pentothal sodium 5 mg . kg -1 and rocuronium 0.6 mg . kg -1 were injected intravenously. I1 measured the maximal width of the thyroid cartilage with Vernier calipers while the other investigator (I2) was holding the oxygenation mask up to the anaesthetised patient to reduce discomfort in all participants. The width of the thyroid cartilage was measured from the left and right cornu and matched with the widest diameter of the SLIPA bridge ( Figure 1 ). The Vernier calipers were used to reduce measurement errors.
The sizes of SLIPA were followed by Table 1 in all participants. In group H, the selection of SLIPA was according to the manufacturer's guidelines.
14 And in group T, the size was selected so that the maximum width of the SLIPA bridge matched the measured thyroid diameter. The size of the SLIPA was selected by I1 while investigator 2 (I2) was blinded. After the jaw was fully relaxed, I2 lifted the jaw with his left hand and pushed the device using his right hand until the heel lodged in the nasopharynx using normal saline for lubrication. 15 If a patient's oral space was too narrow to insert the SLIPA, another one that was one size smaller was used. All SLIPA insertions were done by single investigator, I2 (who had three years of experience with SLIPA). The author supposed that the single investigator could reduce inter-individual variability incident to insertion technique and skill which can produce meaningful difference in results such as the presence of blood tinged, difficulty of insertion, number of insertion and necessity of manipulation. The degree of insertion difficulty was recorded by I2 as easy, moderate, difficult or failed. All investigators were anaesthesiologists who were participated in this study.
After placing the SLIPA, the appropriateness of placement was evaluated by chest wall movement and capnography during artificial ventilation. 16 The practitioner auscultated the neck at the lateral thyroid cartilage to measure OLP. OLP is the pressure at which gas leaks from the circuitpatient interface with the pressure relief valve closed and fresh gas flow at 3 L.min -1 . OLP was not allowed to exceed 40 cmH 2 O. 17, 18 In cases of OLP <15 cmH 2 O, the practitioner tried to reposition the device by adjusting the patient's neck flexion and extension and performing a chin lift and jaw thrust and applying pressure to the thyroid cartilage. 18 If leakage still occurred, a second attempt was made with a SLIPA that was one size larger after one minute of mask ventilation. If the second attempt also failed, a third attempt was made in the same way.
If the third attempt failed, the case was recorded as a failure and tracheal intubation was performed. OLP was recorded at each step.
After induction of anaesthesia, a Datex-Ohmeda Aestiva/5 ventilator volume-controlled ventilator (GE Health Care, Madison, WI, USA) was set at a tidal volume of 10 mL.kg -1 ideal body weight (45.5 in females, 50 in males +0.91 x [height in cm -152.4]), a respiratory rate of ten breaths/min, and an inspiratoryto-expiratory ratio of 1:2, and anaesthesia was maintained with sevoflurane 2%-3% and nitrous oxide 50%. 6 Ten minutes after placement, the inspiratory tidal volume (TVinsp), expiratory tidal volume (TVexp) and peak airway pressure (PAP) were measured with a Datex-Ohmeda S/5 Compact Anaesthesia Monitor ™ spirometer module (GE Health Care). At the end of surgery, spontaneous ventilation was established. SLIPA was removed when the patients was able to obey commands and when the tidal volume reached 6 mL.kg -1 . After removal of the SLIPA, the anaesthesiologist inspected the surface of the SLIPA for blood or regurgitated fluid before patients were sent to the post-anaesthesia care unit.
Variables indicating appropriate size were OLP, necessity of manipulation, leak fraction (%) calculated as [(TVinsp -TVexp) ÷ TVinsp], the degree of insertion difficulty and the presence of blood on the surface of the device. Of these variables, the primary outcome measurement was OLP. And other variables were secondary outcome. The sample size calculation was based on previous studies in which SLIPA size was selected based on the manufacturer's guidelines 10 and width of the thyroid cartilage. 6 The mean (SD) OLP was reported to be 24.5 (6.7) cmH 2 O 10 and 27.3 (5.6) cmH 2 O 6 respectively. With a difference in OLP of 2.8 cmH 2 O, α=0.05, a two-tailed test, and a power of 80%, we needed 66 patients per group. Considering an insertion failure rate and a ventilation failure rate of 3% each, 142 patients were recruited for this study. For continuous variables, the normal distribution of the collected data was first evaluated using the Kolmogorov-Smirnov test. Normally distributed data are presented here as the mean (standard deviation) and groups were compared using an unpaired t-test. Non-normally distributed data are expressed as medians (25th percentile-75th percentile) and were analysed using the Mann-Whitney U test. Categorical variables were subjected to Chi-square analysis or Fischer's exact test, as appropriate, and p<0.05 was considered statistically significant. All analyses were performed using SPSS 18.0 (IBM, Armonk, NY, USA). The SLIPA size ultimately inserted into the patient was defined as the actual size. The H size was defined as that selected according to patient height in group H and that estimated based on height in group T, and the T size was defined as the size selected according to thyroid cartilage width in group T and estimated based on the thyroid cartilage width in group H. Cronbach's alpha was computed to compare the reliability between selected sizes and actual size in both groups. To identify variables associated with insertion failure, logistic regression analysis with forward selection was used. The tested variables were age, gender, height, weight, thyroid width, inter-incisor distance, thyromental distance, sternomental distance, neck circumference, neck extension and Mallamapati score. To predict factors influencing size selection, multiple linear regression analysis was used. Tested variables were the same as those listed above. All analyses were performed using SPSS 18.0 (IBM, Armonk, NY, USA)
Results
Among the 142 patients who were eligible for the study from January 2012 to December 2012, 71 were randomised into group T and 71 to group H ( Figure  2 ). There were no differences between the groups in terms of patient demographics (Table 2 ). Four insertion failures (5.6%) occurred in group T and three insertion failures (4.2%) occurred in group H. Among the seven failure cases, four occurred because the gap between both molars was too narrow to be amenable to any available size. Three cases occurred because of insufficient ventilation, even though the SLIPA was changed three times. In three of the seven cases, the practitioner experienced difficult tracheal intubation.
OLP was significantly higher in group T (30.9 (5.2) cmH 2 O) than in group H (28.0 (7.1) cmH 2 O; p=0.009). TVinsp and TVexp did not show statistically significance between groups T and H. However, the leak fraction was statistically significant between the two groups (p=0.034). In group H, the percent leakage was 10.7 (2.1), which is higher than that in group T with 9.5 (4.0). Moreover, the need for manipulation was more frequent in group H (p=0.008). Difficulty of insertion and the number of trials showed no statistically significant difference between groups T and H. The presence of blood and regurgitated fluid on the surface of the SLIPA devices was similar between the two groups ( Table 3) .
As shown in the Table 4 , 46 (32.4%) patients were same in T size and H size among 142 patients. Classifying parameters by the difference between two sizes, OLP had a tendency to be lower in patients with larger differences. Although it had no statistical significance, blood tinged and the need of manipulation Table 2 . Demographics of patients participated to select the optimal size of Streamlined Liner of the Pharynx Airway TM (SLIPA)
Group T (n=71) Group H (n=71)
Age ( appeared to be more frequent in the patients with larger difference between two sizes (Table 4 ).
Cronbach's α between the T size and actual size in group T was 0.963 and Cronbach's α between the H size and actual size in group H was 0.934, which was indicative of excellent reliability between the selected sizes and actual size of both groups. Cronbach's α between the H size and the actual size in group T was 0.761, and Cronbach's α between the T size and actual size in group H was 0.778, which indicated an acceptable reliability between the estimated size and actual size in both groups (Table 5) .
Multiple linear regression analysis revealed that the actual size was influenced by the thyroid cartilage width and gender in group T (r 2 =0.917). In group H, the actual size was influenced by patients' height, weight and neck circumference (r 2 =0.94). On logistic regression analysis, failure to insert the SLIPA was associated with narrow inter-incisor distance and limited neck movement (p=0.009 and 0.015, respectively).
Discussion
OLP was significantly higher in group T than in group H, which suggests that the size of the SLIPA selected according to the width of the thyroid cartilage is more suitable for the airway. This assertion was supported by the finding that the leak fraction was significantly higher in group H than in group T. In addition, the need for manipulation was less frequent in group T than in group H. Therefore, selecting the SLIPA size according to the maximal width of thyroid cartilage superior to using the manufacturer's estimation guidelines is appropriate.
The magnitude of the difference was 2.9 mmHg which is larger than 10% of mean OLP (28 mmHg). However, this difference was not clinically meaningful and both strategies appeared to be acceptable in a clinical situation. Also the result with Cronbach's alpha analysis appeared that both relationships between the selected size and the actual size in each group showed excellent reliability. In addition, the H size and actual size in group T and the T size and actual size in group H showed acceptable reliability. Based on these statistical results, both strategies appear to be acceptable in a clinical situation.
Among 142 cases, only 32.4% of patients appeared to be same in T size and H size. And T size had a tendency of being smaller than H size. Also, in the patients with larger difference between two sizes were more likely to be need of manipulation, lower OLP and more incidence of blood tinged. This result suggest that choosing correct size between T size and H size is Although the manufacturer's height guideline is shown to be clinically acceptable, the size selection criteria of group T may suggest the manufacturers use of the thyroid cartilage method a better instruction for size selection. However, we should consider whether these findings are sufficient before we make this recommendation. In this study, one experienced investigator was used to choose and use the SLIPA airway by measuring the thyroid cartilage. Although it is quite likely, we are not certain that we can extrapolate these results to multiple less experienced users using the SLIPA air way. So we cannot conclusively suggest to the manufacturers that they should change their instructions and drop the height guideline. Further work, in which multiple trained users to use the thyroid cartilage to select the correct size SLIPA would provide the sort of evidence that the findings of this study strongly indicate.
The size selection guideline of group T (Table 1) was based on manufacturer's height guideline. However, the original manufacturer's guideline showed wide overlapping of the height and ambiguous category of the gender. To make the guideline clearer, the height ranges were split based on a median height of the manufacturer's guideline. We supposed that Table 1 could provide more precise result to compare size selection. So until the further work referred to above is completed, for inexperienced users, just as the guideline that the manufacturers currently provide, both methods may be the best way forward with the refinement that Table 1 provides.
The reliability between the selected size and the actual size used was analysed by Cronbach's alpha. If a test has a large alpha, then it can be concluded that a large portion of the variance in the test is attributable to general and group factors. 19 A Cronbach's coefficient α over 0.9 is considered representative of excellent reliability. An alpha that is over 0.8 and under 0.9 is considered to represent good reliability. An alpha over 0.7 is considered acceptable reliability. 19 In clinical applications, a minimum value of 0.9 is desirable. 20 Predicting factors which influence to selecting optimal size of SLIPA by multiple linear regression analysis revealed that not only the width of the thyroid cartilage, but also gender were significantly associated with actual size in group T. In group H, a positive association was found between patients' weight as well as height with actual size. However, neck circumference showed an inverse association with actual size. Among tested variables, limited neck movement and narrow inter-incisor distance were associated with failure to insert the SLIPA device. Limited neck movement and narrow inter-incisor distance are known criteria for difficult intubation. 21 This result indicated that those patients who were predicted by anaesthesiologists to have difficult intubation would also be difficult to manage the air way with a SLIPA. The main manipulations in patients with leakage were neck extension and chin lift, which are similar actions used in securing the airway for patients who are not intubated. Therefore in an emergency situation, the airway can be a severe problem in patients for whom intubation is difficult.
Limitations
This study had several other limitations. First, we chose the smallest size SLIPA for patients less than 145 cm in height in group H and a thyroid cartilage width under 46 mm in group T, and the largest size SLIPA for patients with a thyroid cartilage width greater than 56 mm in group T. The minimum SLIPA size was 47 and the maximum was 57, and the guidelines did not cover patients whose height and thyroid cartilage width were outside the guideline range. Second, the thyroid cartilage width measured with Vernier calipers may be different from the true width of the thyroid cartilage because of fat and soft tissues. However, the aim of this study was to compare prior strategies 6, 10 used for SLIPA size selection that do not reflect true thyroid cartilage. Third, the subjects were all Korean, so the findings cannot be generalised to other nationalities and ethnicities.
Conclusions
This study shows that both the width and height of thyroid cartilage can be used for selecting the optimal SLIPA size.
